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Justification — 

Discrete  and  integrated  derioe  structures  on  the  ZZZ-V  compounds  reqnire 
dieleetrie  filaa  foe  gat#  and  field  oxides,  annealing  oaps  and  for  passivation. 
Deposited  insulators,  such  as  SiO^  and  AljOj,  hare  an  inherent  nissiatoh  vith  the 
snbstrate,  can  damage  the  snrfaee  during  deposition  and  oan  dope  the  substrate 
during  heat  treatment.  The  grown  oxides  more  naturally  accommodate  the  surface 
defects  and  thus  have  a  strong  appeal. 

This  research  program  sought  to  determine  many  of  the  meohanisms  involved  in 
ZZZ-V  growth,  the  changes  which  occur  during  heat  treatment  and  to  investigate  the 
causes  of  electrical  instabilities  at  the  interface.  Understanding  these 
fundaawntals  has  lead  to  better  application  of  oxidation  and  how  to  control  the 
interface.  Four  substrate  materials  were  investigated;  ZnP,  GaAs,  GaP  and  ZnGaAs 
with  primary  emphasis  placed  an  ZnP. 

Host  of  the  experimental  reaeareh  utilised  surfaee  analysis  techniques  such 
as  x-ray  photoemission  speotroseopy  (ELS),  ultraviolet  photoemlaalon  spectroscopy 
(UPS)  and  secondary  olootron  microscopy  (SUM). 

II.  iMMttJOhJgll  lutllll  l»fll t I 

The  results  given  below  are  organised  by  process  technique  with  substrate 
materials  as  sub-topios. 

A.  ami  jfriflAllfll 

Jar 

The  thermal  oxides  of  ZnP  were  investigsted  to  determine  the  chemioal 
composition  as  a  function  of  depth,  the  surfaee  morphology,  the  crystalline 
structure  and  the  direction  of  oxide  growth.  It  was  determined  that  the 
compositional  profiles  and  surface  topography  changed  draswtically  above  a  growth 
temperature  of  <20 °C  in  1  atm  dry  oxygen.  Below  this  temperature  the  surface  is 


relatively  smooth  and  the  interface  has  deposites  of  elementsl  phosphorous.  The 


ox id*  is  eoaposed  of  i  mixture  of  Ia^Oj  sad  InPO^  with  an  increased  InPO^  with  bo 
dotoetablo  alaaaatal  phosphors*  at  tho  iatsrfaoo.  This  behavior  was  beiiawad  to 
oeour  by  tha  softeaiag  of  tha  ozida  layer  daa  to  tha  rapid  ralaaaa  of  energy  from 
tha  axthotharaic  oxidation.  Any  alaaaatal  phosphors*  craatas  a  prasssra  baaaath 
tha  soft  ozida.  This  eaasas  babblas  to  fora.  Tha  diffasioa  rata  of  P  la  tha  soft 
ozida  is  aaeh  gras tar  thsa  bafora  sad  thas  tha  ozida  f ila  baaoaas  pradoaiaataly 
IaP04. 

Tha  abowa  data  argaas  ia  tarot  of  growth  by  tha  oat  diffasioa  of  la  aad  a 
slowar  oat  diffasioa  of  P.  %  is  thoaght  to  diffasas  oaly  slowly.  Ia  order  to 
test  this  hypothesis  aad  to  altar  tha  growth  kiaeties.  ozidas  ware  growa  ia  high 
pressare  staospheres.  Ozida  filas  growa  ia  a  high  presanre  (500  ata)  aabiaat  ware 
foaad  to  ooataia  no  alaaaatal  P  bat  rather  P^Oj .  This  is  awidaaoa  that  tha  0 ^  is 
drlwaa  iato  tha  fila  where  it  oxidises  tha  alaaaatal  P.  Tha  ozida  fila  thas 
baaoaas  layered.  Ozidatioa  ia  high  pressare  staaa  ia  H^PO^  yields  differeat 
rasalts  iadieatiag  that  tha  diffasiag  ozidaat  aolaoalas  ehaagas  tha  raaetioa 
kiaatios.  No  diffaraaoa  waa  observed  for  growth  at  1  ata  ia  these  aabiaats. 

Models  for  this  ozida  growth  hswa  not  bean  worked  oat  at  preseat. 

flaP 

In  priaoiple  tha  theraal  ozidatioa  of  flaP  shoald  be  wary  siailar  to  that  of 
InP.  However,  this  was  not  foaad  to  be  tha  ossa.  a.g.  tha  GaP  ozida  ooaposition 
was  foaad  to  be  aaiforaally  OaPO^  for  all  growth  teaperatares  aad  tha  growth  rata 
ia  staaa  is  10  tiaes  that  ia  dry  0^.  In  addition,  no  babblas  ware  observed  on  tha 
OaP  ozidas  bat  rather  large  pits  fraaad  nader  tha  ozidas  growa  ia  dry  0^  bat  none 
for  tha  staaa  growa. 

A  detailed  stady  of  tha  pita  revealed  a  progression  of  shapes  aad  sizes 
starting  with  saall  vartiaal  wall  pits  aligned  with  tha  sabstrate  crystalline 
plane s.  These  ohaaga  to  roaadad  channels  which  winded  around  under  tha  ozida 
(Figure  1). 


The  composition  of  tltsu  oxides  follow  from  that  previously  ob tarred  on  QaAs 
and  IaAa.  The  oxide  balk  is  a  aixtnre  of  Oa^Oj  and  In^-X,  with  very  little  arsenic 
oxide.  The  Aa  oolleots  at  the  interface  in  eleaental  fora.  The  growth  rate  fall 
aidway  between  that  of  InAa  and  GaAs  thna  the  ont  diffnaion  of  In  and  Ga  probably 
controls  the  growth. 

B.  Anodic  Oxidation 

Ml 

Then  GaAs  is  anodised  at  constant  enrrent  it  is  convenient  to  record  the  cell 
voltage  versna  tine.  After  an  initial  step  in  voltage  there  is  a  relatively  flat 
portion  of  the  carve  which  had  been  thoaght  to  be  oanaed  by  island  foraatioa.  We 
investigated  this  island  foraation  by  studying  transaission  electron  aicrographs 
of  carbon  replicas  of  the  anrfaoe.  These  prodneed  fine  details  of  the  islands  and 
the  nnelei  as  sown  in  Figure  2.  The  following  observations  were  aade. 

*  The  nneleation  process  does  not  ooenr  only  in  the  Initial 
stage  bat  oontinaed  until  the  entire  surfaoe  was  eovered  with 
oxide. 

*  The  islands  grow  to  a  thickness  of  ~200X  whlgh 
oocars  when  the  individual  island  area  ~0.1|i 

*  When  the  islands  toaohed,  they  grew  together  and  did  not 
have  a  liquid  like  eoaleseaee. 

*  The  edges  of  the  islands  were  very  rongh  bat  clearly 
identifable. 

The  above  data  shows  that  eontinaoas  oxide  layers  less  than  200X  thickness 
cannot  be  fomed,  at  least  by  the  standard  process, 
lit 

The  island  growth  of  InP  anodio  oxides  was  found  to  be  different  froai  that  of 


GaAs  in  that  they  had  very  smooth  edges  and  tended  to  fora  in  lines.  All  the 
islands  were  the  same  sise  and  no  small  Islands  or  nuclei  were  observed.  This 
indicates  that  all  the  nnelei  fora  at  one  tiae  during  an  initial  stage.  While  the 


iiludi  an  la?  appear  to  pro*  to  approximately  the  iim  height  at  GaAs  the  ielaada 
vere  diffiealt  to  observe  ia  the  aieroseope  siaee  the  edges  were  aot  abrapt. 


The  composition  of  the  thicker  In?  aaodie  oxides  were  determined  by  x-ray 
photoeleetroa  emission  profiling  to  be  a  mixtnre  of  PjOj  and  I^Oj,  which  is 
different  from  the  thermal  oxides.  Ths  P^O^/In^  ratio  conld  be  varied  in  a 
controlled  manner  by  adjusting  the  pH  and  the  electrolyte  composition.  The 
composition  ratio  was  correlated  to  electrical  measures  which  strongly  suggested 
the  oxide  was  composed  of  small  islands  of  one  compound  iabedded  in  a  matrix  of 
the  other,  since  the  InjOg  *  conductor  and  the  P^Oj  is  an  insulator,  varying 
the  ratio  caused  a  very  large  change  in  the  eleotrleal  resistance.  For  a  small 
P^Oj/InjOj  ratio,  the  current  was  carried  by  eleotron  percolation  through  the  mase 
of  islands  but  for  longer  ratios  the  electrons  must  tunnel  from  island  to  island. 

While  the  "as  grown"  anodic  oxide  can  have  a  very  high  resistivity. 
-lO^ohm-cm,  the  P^O^  in  the  films  readily  absorb  water  which  greatly  reduoes  the 
resistivity.  Annealing  the  as  grown  films  partial  converts  the  mixed  oxide  to 
InFOj  but  annealing  at  650°C  cause  the  film  to  peal  away  from  the  substrate, 
rendering  it  useless  as  a  protective  coating. 

Another  type  of  anodisation  holds  more  promise.  This  technique  forms  a 
double  layer  anodic  oxide  film  by  anodising  a  previously  deposited  aluminum  film 
and  the  underlying  InP  substrate.  While  the  same  anodic  process  is  followed  the 
routine  oxide  has  been  found  to  be  InPO^  and  not  a  mixture  of  PjOj  and  In^O^ . 

This  oxide  yields  a  high  quality  interface  which  may  be  suitable  for  device 
applications  since  it  is  stable  la  air  and  has  a  low  interface  state  density.  The 
resistivity  of  the  double  layer  was  found  to  be  lower  than  the  same  single  layers. 
This  appears  to  be  due,  at  least  in  part,  to  the  migration  of  In  through  the  outer 


layer  of  AlgOg, 


When  810j  is  dspositsd  on  IaP  by  the  pi scat  enhanced  CVD  process,  the  excited 
Oj/NjO  any  enhance  the  IaP  oxidation  rate.  Thus,  this  process  could  lead  to  a 
thicker  iaterfaoial  oxide.  This  eahaneeaeat  was  charaterixed  by  coaparing  the 
oxide  thickness  resulting  froa  the  exposure  of  plasaa  to  that  of  a  normal  thernal 
oxide.  Fox  these  tests  a  plasma  enhanced  CVD  ehaaber  was  used  but  no  SiH^  was 
introduced  into  the  ohaaber.  Placing  an  InP  wafer  at  the  aouth  of  the  plasma  tube 
resulted  in  a  rapid  growth  of  oxide  shore  150°C  while  plaoing  the  wafer  well  away 
froa  the  plasaa  tube  yielded  little  change  froa  the  normal  thermal  oxidation  but 
increases  rapidly  shore  350°C.  There  was,  howerer,  an  initial  fast  rise  in  growth 
rate  which  saturated  at  ~1<)X  thicker  than  without  the  plasma.  The  composition  of 
the  plasma  enhanced  filas  was  wary  similar  to  that  of  the  thermally  grown  oxide. 

D.  Interfacial  Trannina 

InP  MOSFETs  fabricated  with  a  deposited  gate  dieleotrio  hare  a  drift  in  the 
drain  current.  The  magnitude  of  the  drift  raries  froa  very  fast  (seconds)  to  very 
slow  (hours).  It  is  thought  that  the  drift  is  caused  by  traps  in  either  the 
deposited  dielectric  or  in  the  iaterfaoial  native  oxide.  Ve  have  investigated 
traps  in  both  of  these. 

The  IPS  compositional  profiles  of  thin  native  oxides  on  InP  indicate  that 
the  inner  most  layer  is  primarily  InPO^  and  the  outer  layer  is  a  mixture  of  InPO^ 
and  IiijOj,  We  have  used  surface  analytical  techniques  to  measure  the  band  gap  and 
electron  effinity  of  InPO^  and  InjOj  in  relation  to  the  InP  substrate.  The  band 

gap  of  InPO^  was  determined  to  be  4.5eV  with  the  conduction  band  edge  ~  1.2eV 

above  that  of  InP.  The  conduction  band  of  IiigOg  is  only  slightly  shove  the 

conduction  band  of  InP.  Thus,  the  InjOg  can  act  as  a  trap  for  inversion  layer  . 

electrons  in  InP.  Using  this  as  a  model,  calculations  were  made  and  compared  to 


published  elsotriosl  data.  A  very  oloaa  fit  could  be  obtaiaad  by  adjusting  the 
oxide  layer  thickness.  Electron  loss  spectra  (ELS)  froa  the  native  oxide 
indicated  the  presence  of  the  ItjO^  trap  but  no  other  intrinsic  level.  Thus,  we 
concluded  that  there  are  no  traps  in  the  native  oxide  other  than  In^O^. 

ELS  and  ultraviolet  photoeleetron  spectroscopy  (UPS)  were  used  to  identify 
traps  in  deposited  SiOj.  Traps  associated  with  Si-Si  and  Si-0  bands  were  observed 
but  these  were  too  low  in  the  band  to  yield  the  drain  current  drift.  The  study  of 
iapurity  traps  are  presently  being  pursued. 
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figure  3.  Anodic  oxide  islands  on  inP  fonsed  by  dipping  the  InP 
substrate  in  tartaric  acid  electrolyte,  pH  =  7. 
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